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ABSTRACT : 

PURPOSE: To obtain the optical semiconductor with which an 
insertion loss and 

propagation loss are negligible, low-voltage driving is 
possible and a wide 

wavelength variable range is obtainable by forming the 
semiconductor into a 

p-i-n-i-p or n-i-p-i-n structure provided with the waveguides 
as i layers in 

such a manner that electric fields are applied independently 

to two layers of 

the laminated waveguides . 

CONSTITUTION: A directional coupler constituted of two layers 
of the laminated 

semiconductor waveguides 1, 2 is constituted. The layer 
constitution including 

two layers of these semiconductor waveguides 1, 2 is the 
p-i-n-i-p or n-i-p-i-n 
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structure. Two layers of the semiconductor waveguides 1, 2 
are both 

constituted of the i layer and the voltage impression is 
independently 

controlled through the p-i-n structure. The 2nd waveguide 2 
where the light to 

be used is amplified by current implantation and the 1st 
waveguide 1 where a 

refractive index change is induced by the voltage impression 
or current 

implantation and optical filtering control and optical 
modulation, etc., are 

executed are separately formed. The change in the refractive 
index arising 

from the refractive index control of the 1st waveguide 1 is, 
therefore, 

compensated by using the optical amplification in the 2nd 
waveguide 2 and 

always a stable transmission gain is obtd. regardless of 
wavelengths . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to OPTO semiconductor devices, such as a wavelength 
adjustable filter used for the optical modulator used for an optical transmission, optical exchange, optical 
information processing, optical recording, etc., wavelength division multiplex (WDM) optical 
communication, wavelength division multiplex light exchange, an optical operation, etc. 
[0002] 

[Description of the Prior Art] Conventionally, the optical modulator for which driver voltage was low, 
and the high-speed drive of it could be carried out, and it used the semiconductor with still easier 
integration with other photoelectron elements, such as semiconductor laser, is known. For example, the 
absorbed type optical modulator using the absorption end shift of the semiconductors (semiconductor 
layer of bulk structure or quantum well structure etc.) by electric-field impression and the directional 
coupler type using the refractive-index change by electric-field impression, or the total reflection type 
modulator is known. 

[0003] The former consists of a semiconductor waveguide with p-i-n structure, the absorption end shifts 
like drawing 8 by the Franz Keldysh effect or QCSE (quantum ****** Stark effect) by impressing 
electric field, the rate of an optical absorption changes, and it becomes controllable [ the permeability of 
the light of a certain wavelength ] (Applied Physics Lett.47, p.l 148 -1 150 (1985) reference). However, 
in this type of optical modulator, in order to raise an extinction ratio, operating wavelength needed to be 
brought close to the absorption end, therefore the permeability in a transparency state was low. 
Therefore, there was a fault that an insertion loss was large. Moreover, there is also a difficulty that 
cannot modulate the light of any wavelength and operating wavelength, i.e., modulated wave length, is 
restricted depending on an absorption edge wavelength. 

[0004] As shown in drawing 9 (a) and (b), the latter directional coupler type or a total reflection type 
thing prepares an electrode in the joint field (in the case of (a)) or intersection field (in the case of (b)) of 
two waveguides, causes refractive-index change by electric-field impression to here, and performs the 
shift between waveguides of a light wave (86 to Institute of Electronics and Communication Engineers 
research report OQE39 reference). Consequently, a modulation is applied to output light from one 
waveguide outgoing radiation edge, however, the degree of light modulation is controlled by refractive- 
index change in this type of optical modulator ~ **** - it did not start, but refractive-index change, 
simultaneously since the rate of an optical absorption also changed inevitably, there was a fault that light 
modulation was not applied stably and element length - short - carrying out (that is, waveguide length 
being shortened) - in order to attain reduction-ization of driver voltage, when it is going to obtain a big 
refractive-index change to fixed electric field, the difficulty of approaching the big wavelength region of 
an optical absorption also has a setup of become irregular light wave length 
[0005] On the other hand, in the wavelength division multiplex type system, the splitter is 
conventionally used as equipment which divides a channel. Using wavelength-dispersion elements, such 
as an interference filter and a grating, depending on wavelength, it is divided into transparency/reflective 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/18/03 



Page 2 of 6 



component, or this separates spectrally using the degrees of angle of reflection differing. However, since 
the information multiplexed by the wavelength field is divided into a space field while several waves of 
information is simultaneously receivable, expansion of the area of an element is caused, a limit arises in 
the number of light sensitive cells further accumulable from a relation with that, and wavelength 
multiplex densification is difficult for such a splitter. 

[0006] There is a wavelength adjustable filter as a means to solve this, if this is used, corresponding to 
wavelength multiplex system, it can be enough coped with by one light sensitive cell, and if the number 
of channels of a wavelength adjustable filter is extended further, increase of a wavelength multiplicity 
can also be aimed at. It is equipment (Applied Physics Lett. 53, 13, reference (1988)) which uses a TE- 
TM mode converter as a wavelength adjustable filter. The equipment (the electronic-intelligence 
communication society research report OQE 81-129, reference (1981)) using a parity mode converter, 
the equipment (the electronic-intelligence communication society research report US 88-42, reference 
(1988)) using SAW (surface acoustic wave), etc. are known. However, although each of these has the 
latus wavelength adjustable range of 100A or more, since it is equipment using all LiNb03, joint loss 
with a light sensitive cell poses a problem, in order [ moreover, ] to obtain a refractive index by the 
electro-optical effect (Pockels effect) - dozens — V-100 - dozens the high voltage V is needed 
Furthermore, the type (the electronic-intelligence communication society research report OQE 88-65, 
reference (1988)) which uses DFB (distribution feedback type), DBR (distribution reflection type) laser, 
or the Fabry-Perot laser below with an oscillation threshold is known as a wavelength adjustable filter 
using compound semiconductors, such as GaAs and InP. These have the advantage that integration with 
a light sensitive cell is possible, and gain can be given by current pouring. However, since the 
wavelength adjustable range is directly determined by the change width of face of a refractive index, in 
the present condition, only the value of about 10A of numbers is acquired from severalangstroms. 
[0007] 

[Problem(s) to be Solved by the Invention] Although control of the rate of an optical absorption or 
control of a refractive index was used in the optical modulator using the conventional semiconductor 
waveguide as explained above, it was not what can be satisfied in the flexibility of an insertion loss, an 
extinction ratio, and modulated wave length etc. by any method. Moreover, the wavelength adjustable 
filter which has a performance also with the sufficiently satisfactory filter by the Prior art was not 
obtained. 

[0008] Therefore, the purpose of this invention is to offer an optical semiconductor device with the 
structure where it can use as the optical modulator which may have a sufficiently satisfactory 
performance, a wavelength adjustable filter, etc., in view of the above-mentioned technical problem. 
[0009] 

[Means for Solving the Problem] In the optical semiconductor device which attains the above-mentioned 
purpose, it has the directional coupler which consists of two-layer semiconductor waveguides by which 
the laminating was carried out, and the lamination containing a semiconductor waveguide two-layer 
[ these ] is p-i-n-i-p or n-i-p-i-n structure, both these two-layer semiconductor waveguides consist of i 
layers, and it is independently controlled through p-i-n structure. 

[0010] More specifically, the 1st and 2nd semiconductor waveguides consist of waveguides from which 
either a refractive index or thickness differs at least mutually, or the grating is formed in the field as for 
which the trapped mode which has main intensity respectively carries out cross coupling to a waveguide 
two-layer [ these ]. 

[001 1] According to the composition of this invention, the 2nd waveguide by which the light to be used 
is amplified by current pouring, and the 1st waveguide which refractive-index change takes place by 
voltage impression or current pouring, and performs optical filtering control or light modulation are 
another. Therefore, change of the absorption coefficient accompanying refractive-index control of the 
1st waveguide can be compensated using the optical amplification in the 2nd waveguide, and stable 
transparency gain can always be acquired irrespective of wavelength. Moreover, since non-choosing 
wavelength does not shift to the 2nd waveguide, optical amplification cannot be received. Therefore, as 
compared with selection wavelength, optical on-the-strength level can be made low, and improvement in 
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a S/N ratio can be aimed at. 

[0012] 

[Example] 

Example 1 drawing 1 shows the example of the wavelength adjustable filter by this invention. First, the 
principle and composition are explained, this example has a laminating type directional coupler^and the 
two-layer waveguides 1 and 2 which constitute this serve as the so-called vertical-mold unsymmetrical 
directional coupler with which a refractive index differs from thickness mutually. This directional 
coupler is satisfying the conditions which zero-order and the primary mode spread, zero-order mode 
mainly spreads the top waveguide 2, and the primary mode mainly spreads the bottom waveguide 1. 
[0013] Propagation constants betaO and betal differ greatly the propagation constant in beta 0 or 
primary mode in the propagation constant in zero-order mode for the asymmetry between beta 1 then a 
waveguide 1, and 2. At this time, it is [ waveguide / top ] high in a refractive index as compared with a 
bottom waveguide, and if thickness is made thin, as for a wavelength dispersion, the wavelength which 
corresponds although it differs has the relation of two propagation constants like drawing 6 . That is, 
combination in zero-order and the primary mode arises in this wavelength lambdaC. 
[0014] However, the wavelength with which the top waveguide of a propagation constant corresponds 
highly [ a refractive index ] as compared with a bottom waveguide when thickness is thick does not 
arise. Then, the grating 3 which compensates the top waveguide 2 for a propagation constant difference 
is formed in this directional coupler. It is lambda, then beta0(lambda)-betal (lambda) =2 pi/lambda about 
lambda and incident wave length in the period of a grating 3... (1) 

In the wavelength lambda which carries out ** satisfactory, combination in zero-order and the primary 
mode arises like drawing 7 . 

[0015] By the above composition, the light 4 which carried out. incidence to the bottom waveguide 1 
serves as the primary mode, combines with zero-order mode in the specific wavelength lambda, and 
causes the shift to the top waveguide 2. On the other wavelength, zero-order mode and combination are 
not caused but the bottom waveguide 1 is spread as it is. 

[0016] The above-mentioned directional coupler is constituted from the wavelength adjustable filter of 
the 1st example by GaAs/AlGaAs. The top waveguide 2 will have been in the state of a carry anone 
dope, i.e., i (intrinsic) layer, n layers by which p layers by which the upside clad layer 5 and the upside 
contact layer 6 of the top waveguide 2 were doped by p type, the vertical waveguide 1, and the middle 
clad layer 7 between two were doped by n type, and the bottom waveguide layer 1 are p layers by which 
i layers and the clad layer 8 of the lower part of the bottom waveguide 1 were doped by p type. That is, 
on both sides of a two-layer waveguide (i layers), the whole forms p-i-n-i-p structure. 
[0017] If negative voltage is impressed to the reverse electric field 9, i.e., p lateral electrode, between the 
substrate side p lateral electrode 9 and the electrode (un-illustrating) of n type middle clad layer 7 
according to this composition, electric field will join intensively the bottom waveguide 1 whose number 
is i. Here, if it is the structure where the bottom waveguide 1 contains MQW (multiplex quantum well 
structure), QCSE (quantum ****** Stark effect) will arise by this reverse electric, field, and the 
absorption coefficient of the bottom waveguide 1 will change. Therefore, a refractive index also changes 
simultaneously so that it may be expressed with a Kramers-Kronig relation. 

[0018] Consequently, the propagation constant beta 1 in the primary mode which mainly spreads the 
bottom waveguide 1 changes, and the value of the wavelength lambda with which are satisfied of the 
above-mentioned (1) formula changes (that is, wavelength change width of face is not directly 
determined by refractive-index change width of face). 

[0019] (1) The wavelength lambda with which are satisfied of a formula is changed into zero-order 
mode, and shifts to the top waveguide 2. although the light of wavelength other than lambda, i.e., non- 
choosing wavelength, continues spreading the bottom waveguide 1, since absorption is increasing by 
QCSE, the bottom waveguide 1 receives ****** in ** 

[0020] However, a carrier will be poured into the top waveguide 2 whose number is i if right voltage is 
impressed to the order electric field 10, i.e., p lateral electrode, between the electrode of n type middle 
clad layer 7, and the electrode 10 on the top p type contact layer 6 according to this composition. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/18/03 



Page 4 of 6 



Consequently, the top waveguide 2 will acquire optical gain on desired wavelength. Therefore, it shifts 
to the up waveguide 2 and the light of selection wavelength can receive optical amplification, can 
compensate the attenuation received by the bottom waveguide 1, and can maintain fixed transparency 
gain also at the time of wavelength adjustable. 

[0021] The wavelength adjustable filter which shifts and outputs the signal of arbitrary wavelength to 
the top waveguide 2 out of the lightwave signal of two or more wavelength by which wavelength 
multiplex was carried out consists of this examples. In order that the wavelength filter using an 
unsymmetrical directional coupler and an unsymmetrical grating may use the mode transformation by 
the grating as compared with the wavelength filter using the mode dispersion of the waveguide which 
constitutes an unsymmetrical directional coupler, the narrow filter shape of a filter bandwidth is 
obtained. 

[0022] In order production of this filter on the p+-GaAs substrate 1 1 A p-GaAs buffer layer (contained 
in 1 1), The p-aluminum0.5Ga0.5As clad layer 8, the bottom waveguide 1 (thickness of 0.2 micrometers) 
which consists of undoping MQW (GaAs/aluminum0.4Ga0.6As), The n-aluminumO.5GaO.5As middle 
clad layer 7 (thickness of 0.7 micrometers), The top waveguide 2 (thickness of 0.25 micrometers) and 
the p-aluminum0.2Ga0.8As grating layer 3 (0.1 -micrometer thickness) which consist of undoping MQW 
(GaAs/aluminum0.2Ga0.8As) are grown up by the MBE (molecular beam epitaxy) method. 
Subsequently, a grating is formed by regist patterning and a colla tempestade GESHON-like grating 
with a period of 9 micrometers is formed in the grating layer 3 by the RIBE (reactant ion beam etching) 
method. 

[0023] The p-aluminumO.5GaO.5As clad layer 5 and the p+-GaAs contact layer 6 were grown up after 
resist removal by LPE (liquid phase epitaxy) or the MOCVD method (organic-metal vapor growth). 
[0024] Then, after forming the stripe pattern in the grating 3 and the rectangular direction by the resist 
md ********** ing a wafer in the shape of a str i pe t0 t h e n .AlGaAs middle clad layer 7 by sulfuric-acid 

system etchant, the n-GaAs contact layer (un-illustrating) was grown up on the n-AlGaAs middle clad 
layer 7. The vacuum evaporationo of AuCr/Au (un-illustrating) was carried out on substrate 1 1 rear face 
and p-contact layer 6 on n-contact layer on AuGe/Au 9 and 10 and the middle clad layer 7, and alloying 
was performed. 

[0025] If reverse voltage is impressed to the n-inter-electrode on the p-electrode 9 and the middle clad 
layer 7 to the filter produced as mentioned above, electric field will join the bottom waveguide 1 which 
consists of Undoping MQW, and a refractive index will change with QCSE(s). 
[0026] Drawing 2 is the example which impressed voltage with 1.0V, 1.5V, and 2.0V, and shows the 
joint efficiency from the lower waveguide 1 to the up waveguide 2. Signs that the transparency band of a 
band pass filter shifts to a short wavelength side by change of applied voltage are known. 
[0027] Thus, since permeability also changes at the same time it shifts a transparency band according to 
the applied voltage of the bottom waveguide 1, in this invention, it is characterized by controlling the 
amount of inrush currents to the up waveguide 2, and achieving stabilization of the transparency gain of 
selection wavelength according to the applied voltage of the lower waveguide 1. Consequently, 
wavelength variable characteristics with stable transparency gain was obtained like drawing 3 . Thereby, 
the channel of one wavelength is filterable from a multiplex channel. 

[0028] Of course, depending on the specification required of a filter, it is only a wavelength shift by 
electric-field impression, and change of permeability like drawing 2 may not become a problem. 
However, according to this invention, since transparency gain is always stabilized, the filter which can 
satisfy specification in the latus range can be offered. 

[0029] By using a waveguide as a bulk layer, refractive-index change is made to cause by the Franz 
Keldysh effect by reverse voltage impression, and the shift of the transparency band in a filter shape 
may be produced. However, it is necessary to reset up element length, a grating period, the depth, etc. 
suitably. 

[0030] In addition, although the above example explained the GaAs system, of course, you may use 
other semiconductor materials called InP/InGaAsP. 

[0031] The OPTO semiconductor device by example 2 this invention can control permeability in 
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specific wavelength, and may be constituted as an optical modulator. 

[0032] At this example, since the directional coupler which added the grating 3 and made wavelength- 
selection nature sharp is used, a big joint efficiency change arises in shift of few transparency bands. 
That is, as shown in drawing 4 , to a light with specific wavelength lambdaS become irregular, small or 
ON-OFF of light can be obtained with an about [ 1 V ] difference. 

[0033] While according to the optical modulator of this invention shifting a transmitted wave length 
band (coupled-wave length band) and modulating light become irregular by refractive-index control of 
the bottom waveguide 1, similarly light become irregular can be modulated by the gain control of the 
top waveguide 1. Therefore, it is not based on the wavelength of a light become irregular, but the deep 
optical modulator of a modulation factor is obtained very highly [ an extinction ratio ]. 
[0034] The optical modulator of this example is the same as that of the 1st example. However, the 
bottom waveguide 1 consists of undoping MQW, and is an electron. - Although the energy gap between 
heavy electron holes is 824nm in 1.50eV, i.e ; , wavelength, and its change of an absorption coefficient is 
sharp to the wavelength of 835nm of a light become irregular, refractive-index change is also 
simultaneously large. 

[0035] The top waveguide 2 consists of undoping aluminumO.06GaO.94As, has the peak wavelength of 
optical gain near 835nm, and can acquire sufficient optical gain in the low amount of inrush currents. 
[0036] In the above this example, when the output intensity of the input light (continuation light) of CW 
which impressed the 2GHz NRZ signal as an input was observed, the very good flattery wave was 
acquired. 

[0037] Since the optical modulator of this example can compensate the scattering loss accompanying 
propagation of a waveguide, and the absorption loss at the time of refractive-index control, it can erase 
an insertion loss. Furthermore, transmitted light intensity can be made very low by control of a 
transparency band, and control of independent optical gain can also raise transmitted light intensity 
enough. Therefore, the extinction ratio of a light become irregular can be easily raised to 30dB or more. 
Moreover, setting wavelength can offer an effective optical modulator over eye a free hatchet and a 
large wavelength region. 

[0038] In the 1st of a more than, and the 2nd example, although refractive-index control was obtained by 
QCSE by reverse voltage impression, of course, the Franz Keldysh effect in a bulk crystal may be used, 
or the refractive-index change by amount change of carriers called the plasma effect and the band filling 
effect based on carrier pouring by forward voltage impression may be used. 

[0039] According to the principle of this invention, since sufficient modulation factor is obtained by 
slight refractive-index change through the relation of the above-mentioned (1) formula (lambda of betaO 
(lambda) and betal (lambda) in (1) formula should change), the heat release subordinate^ produced by 
carrier pouring can also be pressed down low. 

[0040] Example 3 drawing 5 shows the 3rd example of an optical modulator. In the 3rd example, the 
grating is formed in the pars intermedia of not a top waveguide but a vertical waveguide like the above- 
mentioned example, this example is produced as the following. 

[0041] By the MBE method, a n-GaAs buffer layer (iin-illustrating) (n=2xl018cm-3) on the n+-GaAs 
substrate 51 by 0.5-micrometer ** The n-aluminum0.5Ga0.5As clad layer (n=lxl017cm-3) 52 by 1.5- 
micrometer ** The undoping MQW (GaAs/aluminum0.4Ga0.6As) bottom waveguide layer 53 by 0.1- 
micrometer ** The p-aluminum0.5Ga0.5As middle clad layer (p=lxl017cm-3) 54 by 0.4-micrometer 

* the p-MQW layer (p=lx!017m-3) 55 which consists of GaAs(50A [ in thickness ], 
well)/alumirium0.5Ga0.5As (100A in thickness, barrier) was grown up by 0.1 -micrometer **. 
[0042] The MQW layer 55 is formed in a grating with a period of 8 micrometers by the photo 
lithography method, again the p-aluminum0.5Ga0.5As middle clad layer (p-lxl017cm-3) 56 then, by 
0.4-micrometer ** The undoping aluminum0.06Ga0.94 As top waveguide layer (non dope) 57 by 0.3- 
micrometer ** The n+-GaAs contact layer (n=lxl018cm-3) 59 was grown up by the MOCVD method 
by 1 .5-micrometer ** in the n-aluminum0.5Ga0.5As clad layer (n=lxl017cm-3) 58 at 0.5-micrometer 
**. Furthermore, like the process of the 1st example, p-electrode was taken out from the p-AlGaAs 
middle clad layer, and the optical modulator was formed. 
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[0043] In this example, the bottom waveguide (i layers) 53 from which a refractive index and an 
absorption coefficient change with electric-field impression, and the grating 55 to which combination in 
zero-order mode and the primary mode is performed are separated. For the reason, even if the 
distribution in the primary mode which spreads the bottom waveguide 53 has not attained to the top 
waveguide 57, combination with zero-order mode (mode spread focusing on the top waveguide 57) 
takes place in the grating section 55. Therefore, the rate in which the primary mode which spreads the 
bottom waveguide 53 receives absorption of the top waveguide 57 can be designed so that it may 
become low compared with a previous example. 

[0044] By the way, the grating formation position of the above example may be instantiation to the last, 
and if it is the position which both the modes that spread both waveguides as a center, respectively 
combine, any are sufficient as the position. For example, the same effect is acquired even if it forms in a 
bottom waveguide. 
[0045] 

[Effect of the Invention] By considering as p-i-n-i-p or n-i-p-i-n structure which made the waveguide i 
layers, an insertion loss or a propagation loss can be disregarded and optical semiconductor devices, 
such as an optical modulator possible a low-battery drive and suitable for the wavelength division 
multiplex type optical communication which can acquire the latus wavelength adjustable range, optical 
exchange, an optical operation, etc., and a filter, are realized so that electric field may be added 
independently of [ as explained above / according to this invention ] the two-layer waveguide by which 
the laminating was carried out. Moreover, such a device is suitable for integration with photoelectron 
elements, such as other light sensitive cells and laser. 

[0046] Furthermore, as a wavelength adjustable filter, the cross talk between wavelength can be done 
with low short element length, and as an optical modulator, a modulation factor is deep, and an 
extinction ratio is high and is made with what has the high flexibility of modulated wave length. 



[Translation done.] 
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